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Abstract  
The literature review reveals different conceptual and methodological challenges in the field 
of music and emotion, such as the lack of agreement in terms of standardized datasets, or the 
need of replication of prior findings. Our study aimed at validating to Spanish population a 
set of film music stimulus previously standardized in Finnish samples. Additionally, we 
explored the role of gender and culture in the perception of emotions through music using 
102 excerpts selected from the Eerola & Vuoskoski’s dataset. A total of 129 voluntary 
undergraduate students (71,32 % females) from different degrees participated voluntarily in 
this study, where they were instructed to rate both discrete emotions (Happiness, Sadness, 
Tenderness, Fear, Anger), as well as affective dimensions (Valence, Energy Arousal, Tension 
Arousal) using a 9-point scale after presentation of each excerpt. Strong similarities between 
Finnish and Spanish ratings were found, with only minor discrepancies across samples in the 
evaluation of basic emotions. Taken together, our findings suggest that normative ratings for 
Spanish and Finnish participants across gender are released, so the current database is 
suitable for research on music and emotions. Additional theoretical and practical implications 
of this validation are discussed.  
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Introduction 
The study of human emotions has generated an interesting scientific debate for 
decades (Lepping, Atchley & Savage, 2016). In laboratory contexts, different affective 
stimuli have been used as reliable tools to induce emotions, such as pictures (IAPS: Lang, 
Bradley & Cuthbert, 1999), sounds (IADS: Bradley & Lang, 2007), words (ANEW: Bradley 
& Lang, 2017), or facial expressions (POFA: Ekman & Friesen, 1976). All these stimuli are 
generally part of standardized datasets that provide normative values in different affective 
dimensions (e.g., hedonic valence and arousal), and have been used in numerous 
experimental procedures, including passive exposure to affective stimuli (Bradley, Codispoti, 
Cuthbert & Lang, 2001a; Ciuffini, Stratta & Marrelli, 2018), emotional anticipation (Sege, 
Bradley & Lang, 2014), or emotion regulation (Bernat, Cadwallader, Seo, Vizueta & Patrick, 
2011; Conzelmann, Mcgregor & Pauli, 2015; Fuentes-Sánchez, Jaén, Escrig, Lucas & Pastor, 
2019). The use of these stimuli has been essential in the study of brain function (Bermpohl et 
al., 2006; Ozawa, Kanayama & Hiraki, 2019), peripheral psychophysiological correlates 
(Gomez, Gunten & Danuser, 2016), as well as subjective evaluations (Bradley et al., 2001a) 
that are part of emotional reactions. Indeed, the scientific study of human emotion has 
advanced, to a large extent, based on empirical findings obtained using standardized stimuli, 
which has allowed for replicability of results across different laboratory contexts.  
Regarding the use of music as emotional stimuli, however, the literature reveals 
important methodological and conceptual caveats. Firstly, a variety of musical genres have 
been used due to the lack of consensus among the scientific community on the best type of 
stimuli to induce emotions. To this extent, past research has mostly focused on instrumental 
classical music (Juslin & Laukka, 2003; Kreutz, Ott, Teichmann, Osawa & Vaitl, 2008), 
besides other types of music such as pop (Song, Dixon, Pearce & Halpern, 2016), mixed 
genres (Imbir & Golab, 2017), or film soundtracks (Eerola & Vuoskoski, 2011). Secondly, 
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different theoretical conceptualizations of emotions (i.e., discrete vs. dimensional models) 
have been proposed over the last two decades (Eerola & Vuoskoski, 2011; Song et al., 2016). 
Although both models are complementary and have gained support in the field of music and 
emotion research (Gomez & Danuser, 2004; Imbir & Golab, 2017), recent studies suggest 
that the dimensional model is more reliable in comparison to the discrete or categorical 
model, specifically when ambiguous examples of an emotion category are rated (Eerola & 
Vuoskoski, 2011). Thirdly, only a few standardized musical stimuli databases are available 
despite their advantages to enhance reproducibility of emotion research (Eerola & Vuoskoski, 
2011; Imbir & Golab, 2017; Lepping et al., 2016; Song et al., 2016; Vieillard, Peretz, 
Gosselin, Khalfa, Gagnon & Bouchard, 2008). This lack of extensive research using 
normative stimuli can also lead to further challenges when comparing findings across 
laboratories (Dienes, 2008; Frieler, Müllensiefen, Fischinger, Schlemmer, Jakubowski & 
Lothwesen, 2013).  
In addition to the above-mentioned methodological and theoretical caveats, the role of 
gender differences has been scarcely explored in the context of music and emotion (Imbir & 
Golab, 2017). Whereas prior findings with affective pictures have also shown that women 
tend to rate unpleasant stimuli as more arousing than men (Bradley, Greenwald & Hamm, 
1993; Greenwald, Cook & Lang, 1989; Moltó et al., 1999, 2013; Vila et al., 2001), gender 
does not seem to influence emotional responses to sounds (Fernández-Abascal et al., 2008), 
words (Redondo et al., 2007) or music (Imbir & Golab, 2017). To this extent, further research 
is needed to elucidate the precise involvement of gender effects in music-induced emotional 
responses. 
On the other hand, plausible cultural differences should be considered for a greater 
understanding of emotional perception of music, as already shown in diverse sensory 
modalities. Past research has compared subjective evaluations in Anglo-Saxon and Spanish 
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populations with affective pictures (Moltó et al., 1999, 2013; Vila et al., 2001), sounds 
(Fernández-Abascal et al., 2008), and words (Redondo, Fraga, Padrón & Comesaña, 2007; 
Redondo, Fraga, Padrón & Piñeiro, 2008). In general, these studies have found differences 
regarding arousal but not valence ratings (Fernández-Abascal et al., 2008; Moltó et al., 1999, 
2013; Vila et al., 2001). In particular, more extreme arousal ratings in Spanish compared to 
Anglo-Saxon population have been reported. Similarly, a few cross-cultural studies using 
music stimuli reveal relevant differences in the recognition of some basic emotions. For 
example, Argstatter (2015) showed that Western European listeners are characterized by 
better recognition of basic emotions (anger, disgust, fear, happiness, sadness, and surprise) 
than Asian participants. However, some of that discrete emotions such as anger, disgust, fear, 
and surprise were easily confused in both groups. Furthermore, other studies focused on 
specific basic emotions such as anger (Susino & Schubert, 2017; Kwuon, 2009), showed that 
music depicting anger mood was poorly decoded by Indian, Japanese, and Swedish listeners, 
possibly due to stereotypes associated with their specific cultures. Therefore, the literature 
review suggests that cross-cultural communication of some basic emotions might not be 
reliable across and within some cultures, pointing out to the need of further research focused 
on cultural differences using also dimensional models instead of discrete model of emotions 
only.  
The present study selected representative sufficient sample size from Spanish 
population to validate a standardized database of musical excerpts –previously validated in 
Finland by Eerola & Vuoskoski (2011)–, aiming to extend prior findings by exploring both 
cultural and gender differences. Among currently available music stimuli datasets, we 
selected the one proposed by Eerola & Vuoskoski (2011) since it was specifically designed to 
induce powerful emotion responses while controlling both familiarity and preference. Our 
study aimed at providing the Spanish scientific community, or by cultural affinity other 
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countries in southern Europe, with a set of musical stimuli with normative values in different 
affective dimensions (valence, energy, tension), discrete emotions (happiness, sadness, anger, 
tenderness, fear), as well as preference and familiarity, separately for men and women. This 
additional information might facilitate the selection of musical excerpts for future basic and 
clinical studies (e.g., those seeking to explore induction and/or regulation of emotions 
through music). Furthermore, we aimed at replicating the results obtained in the original 
study (Eerola & Vuoskoski, 2011) regarding the suitability of the dimensional and categorical 
models. According to prior literature focused on standardized affective stimuli (Fernández-
Abascal et al., 2008; Moltó et al., 1999, 2013; Vila et al., 2001), we expected to find a strong 
agreement between Spanish and Finnish populations, as well as between women and men, for 
the evaluation of basic emotions and hedonic valence ratings, along with a few differences in 
terms of arousal ratings.  
Methods 
Participants 
 A total of 136 participants (69.85% females) between 18 and 50 years (Mean age = 
22.04, SD = 4.63) enrolled voluntarily in this study.  The sample size was based on a power 
analysis using G*Power (Faul, Erdfelder, Lang, & Buchner, 2007). We needed a minimum of 
115 participants with an 95% chance to detect a small-to-medium sized effect (f2 = .15) at an 
alpha level of .05. The sample was composed by undergraduate students of different 
knowledge branches (science, humanities, engineering, social sciences and health science) at 
Universitat Jaume I (Castellón de la Plana, Spain). Seven participants were excluded due to 
technical problems during data acquisition. As a result, statistical analyses were performed 
with a total of 129 (71.32% females) participants. Ethical approval from the Deontological 
Comision at Universitat Jaume I was obtained, and all participants provided written informed 
consent forms. 
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Stimuli and Design 
Although the original  dataset contains 110 film music excerpts (available at 
https://osf.io/p6vkg/), for this research we selected only 102 pieces due to the exclusion of 
duplicated stimuli. Excerpt duration ranged between 11 and 31 seconds (M = 17.63, SD = 
3.73), and music did not contain lyrics, dialogue or sound effects (Eerola & Vuoskoski, 
2011). These excerpts were distributed into two sets of five blocks with ten excerpts each 
one, except two blocks of 11 excerpts, with no more than two consecutive excerpts that 
convey similar emotions. Both sets did not differ a priori in the normative values obtained in 
Eerola & Vuoskoski study (2011) in any affective scale (all ts < 1) (see Table 1).  
[TABLE 1 NEAR HERE] 
Participants were assigned randomly into two groups. Group 1 (n = 64) started with 
51 excerpts rated using a scale 1-9 for each discrete emotion (Set 1), followed by 51 excerpts 
rated using a bipolar scale of 1-9 for each three axes of dimensional model (Set 2). Group 2 
(n = 65) started with the excerpts of Set 2 rated with discrete model followed by excerpts of 
Set 1 rated with dimensional model. Each excerpt was therefore assessed following both the 
discrete and dimensional models of emotion, but neither excerpt was assessed using both 
emotion models by the same participant. Additionally, the order of the blocks within each set 
was randomized individually for each participant.  
Apparatus 
Auditory stimuli were presented using E-Prime 2.0 software (Psychology Software 
Tools, Inc. Scharpsburg, PA) on a standard 17-inch computer monitor, and responses were 
collected using a small keyboard. Musical excerpts were played through Sennheiser HD-205 
headphones, which provided professional sound quality and reduced external noise. Volume 
was kept constant across participants, being determined by a pilot experiment. 
Procedure 
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 Each subject participated individually in one laboratory session, which lasted 
approximately 1 h and 30 min. First, participants read an overview of the task and completed 
a written consent form. Afterwards, they completed a survey to collect individual variables  
including age, gender, educational level, history of musical training or hearing problems. 
Before the experiment, participants were trained to differentiate between perceived and 
induced emotions, and how to rate the emotions in each music excerpt using different scales.  
To ensure that they had understood the procedure, participants were asked to rate 2 music 
examples (selected from Vieillard et al., 2008). The experimental task was divided into two 
parts, separated by a short break (2-5 min) with the aim of keeping their attention throughout 
the whole experiment. During the first part, participants had to rate each musical excerpt 
using a 9-point scale for each discrete emotion (happiness, sadness, tenderness, fear, anger). 
In the second part, they were instructed to rate each musical excerpt using a 9-point scale for 
each affective dimension (valence, energy arousal, tension arousal). In both parts of the 
experiment, participants were also asked to rate their “preference” using a 9-point scale (i.e., 
how much they liked each stimulus), as well as their “familiarity” using a 3-point scale (0 = 
unfamiliar, 1 = somewhat familiar, 2 = very familiar)1. Participants had to complete their 
assessments for all the above scales (discrete emotions or affective dimensions, plus 
preference and familiarity) for each excerpt before they were allowed to continue. After 
rating all the musical excerpts, participants were debriefed about the purpose of the 
experiment. 
Data analysis 
Descriptive statistics (Mean and Standard Deviation) were calculated for each musical 
excerpt (for the overall sample, as well as separately for women and men). Independent 
samples t-test analyses were performed to examine gender differences. A correlational 
analysis was conducted to assess how both conceptual frameworks (dimensional vs. 
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categorical or discrete) could be used to describe perceived emotions and to clarify what type 
of dimensional model would be the most appropriate for such studies2. Moreover, a partial 
correlation analysis was conducted in order to examine the collinearity between different 
emotion concepts, controlling for the contribution of other discrete categories or dimensions. 
In this vein, we conducted partial correlation analyses between discrete emotions and 
affective dimensions. 
 In order to explore the correspondence between the discrete and dimensional models, 
multiple regression analyses were performed with the aim of predicting the dimensional 
ratings from the discrete ratings, and vice-versa. More specifically, we conducted a 
regression analysis with the categorical model (happiness, sadness, tenderness, anger and 
fear) as a predictor, and each dimensional variable (valence, energy and tension arousal) as 
independent measures. Thereupon, we performed an additional regression analysis with the 
dimensional model as a predictor and each discrete emotion as independent measures.  
 Finally, t test analysis was carried out to investigate the differences between Finnish 
and Spanish populations in the different scales evaluated in the study.  
 Statistical analyses were performed using JMP 5.0.1, SPSS 24 and G*Power 3.1.9.2.  
Results 
Normative ratings in Spanish population 
Mean (M) and Standard Deviation (SD) for each musical excerpt and for the overall 
sample are summarized in Table 1 (see Appendix), for women (Table 2, Appendix) and for 
men (Table 3, Appendix). These data constitute the normative values of Spanish 
standardization.  
In Table 2, Mean (M), Standard Deviation (SD) and Confidence Interval (CI) for each 
scale are presented separately for women and men, besides the result of the t test comparison 
between both genders. Women assigned higher scores to anger, fear, energy arousal and 
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tension arousal, all ps < .05 (see Table 2), whereas men assigned higher scores to happiness, 
tenderness, sadness and valence all ps < .05. 
[TABLE 2 NEAR HERE] 
Replication of previous findings 
Pairwise correlations between emotion concepts 
 Relationships between the dimensions investigated were analysed using correlations 
(Pearson’s r). All the correlations have been summarized in Table 3 but only those significant 
are discussed here. Regarding the discrete emotions, results showed strong positive 
correlations between fear and anger, r(6) = .86, p < .001, replicating previous results from 
Eerola & Vuoskoski study who obtain a similar result. Concerning tenderness, we observed a 
significant positive correlation both with sadness, r(6) = .34, p < .001, and happiness, r(6) = 
.57, p < .001. Additionally, strong negative correlations were found between tenderness and 
both fear and anger, r(6) = -.83, p < .001 for both, suggesting that those excerpts that 
reflected better these discrete negative emotions were also perceived as less tenderness.   
With respect to affective dimensions, a positive relationship was observed between 
valence and happiness, r(6) = .87, p < .001, but not between valence and sadness, r(6) = -.06, 
p > .05. Additionally, we found strong negative correlations between valence and fear, r(6) = 
-.95, p < .001, as well as between valence and anger, r(6) = -.82, p < .001, showing that those 
excerpts rated as more pleasant were also perceived as less negative emotions such as fear or 
anger- 
In addition, a strong positive correlation was observed between tension arousal and 
energy arousal, r(6) = .89, p < .001, suggesting a possible overlap between both dimensions. 
Furthermore, negative correlations between valence and each arousal dimension were found, 
being more significant for tension arousal, r(6) = -.68, p < .001, than for energy arousal, r(6) 
= -.31, p < .01. 
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[TABLE 3 NEAR HERE] 
Partial correlations between emotion concepts 
 As we shown in Table 4, results showed negative and highly significant correlations 
between happiness and sadness, r(3) = -.91, p < .001, as well as between happiness and fear, 
r(3) = -.73, p < .001, showing that the happiest excerpts were also rated low either in sadness 
and fear. Additionally, partial correlations showed that association between fear and anger 
were not significant, r(3) = .05, p > .05, in contrast with the pairwise correlations in which 
there was a strong association between both concepts, r(3) = .86, p < .001. 
[TABLE 4 NEAR HERE] 
 Regarding the three-dimensional model, partial correlations showed a high overlap 
between energy and tension arousal, r(1) = .98, p < .001, when partialling out the contribution 
of the valence, which suggests the possibility to collapse into a single arousal dimension. 
Lastly, partial correlation between valence and both energy and tension arousal dimensions 
were even stronger when the energy or tension ratings were partialled out, r(1) = .92, p < .01 
for energy arousal; r(1) = -.95, p < .001 for tension arousal.  
Correspondence between discrete and dimensional models of emotion 
Regression analysis suggested that the dimensional model would explain a high 
percentage of variance of the categorical model, and vice-versa (See R2 in Table 5). 
Particularly, the former was highly significant for all categorical ratings (ps < .0001). With 
regards to happiness, the best predictor was valence, F(1,98) = 30.88, p < .0001, η2p = .24, 
followed by energy arousal, F(1, 98) = 27.31, p < .0001, η2p = .22, and tension arousal, 
F(1,98) = 10.91, p = .001, η2p = .10. Valence was also the best predictor for anger, F(1,98) = 
6.38, p = .013, η2p = .06, fear, F(1,98) = 30.75, p < .0001, η2p =.24, and sadness, F(1,98) = 
7.00, p < .001, η2p = .07. In contrast, the best predictor for tenderness was the tension arousal, 
F(1,98) = 8.18, p < .001, η2p = .08.   
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Regarding the categorical model, it was highly significant to predict the dimensional 
scales (all ps < .0001). For valence ratings, the best predictor was fear, F(1, 96) = 42.59, p < 
.0001, η2p = .31, followed by tenderness, F(1,96) = 13.48, p < .001, η2p = .12. On the other 
hand, the best predictor for energy arousal was tenderness, F(1,96) = 85.78, p < .0001, η2p = 
.47, followed by anger, F(1,96) = 78.02, p < .0001, η2p = .45, and happiness, F(1,96) = 36.10, 
p < .0001, η2p = .27. Finally, tenderness was also the best predictor for tension arousal, 
F(1,96) = 99.33, p < .0001, η2p = .51, followed by anger, F(1,96) = 53.59, p < .0001, η2p = 
.36.  
 [TABLE 5 NEAR HERE] 
Comparison between Spanish and Finnish evaluations 
Descriptive statistics and correlations between populations  
 Table 6 summarizes descriptive statistics for the different categorical and dimensional 
scales, as well as t test between both populations. Specifically, Spanish population scored the 
excerpts higher in all emotions in comparison with Finnish. On the other hand, regarding 
dimensional model, results showed that both populations differed in the evaluation of energy 
and tension arousal, but not in valence. Specifically, Finnish population rated the excerpts as 
more energetic and tense in comparison with Spanish population. 
[TABLE 6 NEAR HERE] 
Additionally, the correlations between the mean ratings between the two samples was 
yield highly significant across the different dimensional ratings (r(4) = .96, p < .001 for 
valence; r(4) = .93, p < .001 for energy arousal; and r(4) = .94, p < .001 for tension arousal) 
and categorical ratings (r(8) = .94, p < .001 for happiness; r(8) = .94, p < .001 for anger; r(8) 
= .96, p < .001 for fear; r(8) = .93, p < .001 for tenderness; r(8) = .91, p < .001 for sadness).  
Overlap of the two models of emotion in Spanish and Finnish population 
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 Figure 1a shows the relationship between valence and energy arousal, valence and 
tension arousal (Figure 1b), and energy and tension arousal (Figure 1c) for Spanish and 
Finnish population. As shown in Figure 1a, unpleasant stimuli were necessarily rated as 
arousing in order to be perceived as negative. However, this result was not replicated in the 
positive pole, where some excerpts were rated either less or high arousing. Particularly, high 
arousing excerpts convey happiness whereas the low arousing clips convey tenderness, but 
both type of clips have similar valence score (see Figure 1a). Furthermore, both results are 
highly similar in Spanish and Finnish population. There are slight differences between both 
populations in the excerpts rated as more pleasant, which were rated by Finnish as more 
energetic compared to Spanish participants. On the other hand, the relation between valence 
and tension (see Figure 1b) was negative for both populations, showing that those excerpts 
rated as positive also was evaluated as less tense. Particularly interesting is the clear 
distinction of the basic emotions in the graph. Clearly, the least tense were tenderness 
excerpts (but not happiness, which were evaluated as medium in tension arousal), whereas 
the most tense were anger and fearful clips. Finally, regarding the relation between tension 
and energy arousal (see Figure 1c), a strong relationship was found in both samples, being 
more pronounced for Spanish population. For Finnish population, the data were more 
dispersed, particularly in those excerpts that convey happiness and sadness, which were rated 
as more energetic and less energetic, respectively, as compared to Spanish population. 
[FIGURE 1 NEAR HERE] 
 
Discussion 
Eerola and Vuoskoski (2011) presented a rich, systematically structured dataset 
designed to investigate music-associated emotions. Their study not only introduced a 
valuable researcher-oriented set of film music stimulus but also compared the categorical and 
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dimensional approaches to the study of emotion in music perception. Employing the same 
stimulus material, the present study supports and extends the notion that this soundtrack-
based music can be effectively used as a comprehensive and powerful research tool in the 
field of human emotions. Our findings reveal a distribution of excerpts across the 
bidimensional affective space that highly resemble other emotional stimuli modalities, such 
as words, pictures or sounds (Carretié, Tapia, López-Martín & Albert, 2019; Fernández-
Abascal et al., 2008; Kurdi, Lozano & Banaji, 2017; Marchewka, Zurawski, Jwsnoróg & 
Grabowska, 2014; Moltó et al., 1999, 2013; Redondo et al., 2007). This distribution is also 
similar to that obtained in other music datasets, as both positive and negative music excerpts 
were rated as highly arousing, whereas neutral stimuli in terms of hedonic valence were 
perceived as less arousing (Eerola and Vuoskoski, 2011; Paquette, Peretz & Belin, 2013; 
Vieillard et al., 2008). Furthermore, this validation provides the scientific community with 
new insights about music-induced emotions in Spanish population, likewise other affective 
stimuli previously adapted to this cultural context and broadly used in the last decades in 
experimental research (Carretié et al., 2019; Fernández-Abascal et al., 2008; Moltó et al., 
1999, 2013; Redondo et al., 2007; Vila et al., 2001). In addition, this music database has the 
advantage over other sets of affective stimuli that allow to select the excerpts not only in 
terms of valence and arousal ratings (as in the case of pictures, sounds or words), but also 
considering their normative values in different basic emotions (such as happiness, fear or 
anger, among others), as well as their preference and familiarity. 
Gender differences in emotion perception through music 
Standardization studies of music databases have generally provided normative values 
for the overall sample without exploring gender-influenced discrepancies in subjective ratings 
(Bigand, Vieillard, Madurell, Marozeau & Dacquet, 2005; Lepping et al., 2016; Paquette et 
al., 2013). In fact, most of the studies do not even report the percentage of women in their 
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samples (Bigand et al., 2005; Lepping et al., 2016), difficulting the possibility to draw 
conclusions about plausible differences between women and men.  
In this regard, the literature review reveals a mixed picture, depending on the 
modality of affective stimuli or the theoretical approximation to emotion. Thus, a few studies 
reported gender differences (Bradley, Codispoti, Sabatinelli & Lang, 2001b; Moltó et al., 
1999, 2013; Vila et al., 2001), whereas some other works did not (Grimshaw, Bulman-
Fleming & Sgo, 2004; Rahman, Wilson & Abrahams, 2004). In the current study, women 
rated music excerpts as more fearful, angry, and arousing compared to men. These findings 
go partially in line with previous works in which women evaluated affective stimuli as more 
arousing, especially unpleasant pictures, suggesting a possible bias toward the negative pole 
(Bradley, et al., 2001b; Carretié et al., 2019; Moltó et al., 1999, 2013; Vila et al., 2001). In 
addition, prior studies using facial expressions showed that women were more prone to 
recognize emotions such as anger, disgust, fear and sadness (Duesenberg et al., 2016; Hall & 
Matsumoto, 2004). This set of results have clinical implications since gender-influenced 
differences in emotion processing have been suggested to play an important role in serious 
disorders such as anxiety and depression (Nolen-Hoeksema & Aldao, 2011). Given the 
increase in the therapeutic use of music in pathologies characterized by underlying emotional 
problems such as chronic pain, fibromyalgia, dementia, or autism spectrum disorders 
(Thompson, 2015), the present standardization to Spanish population (which provides 
normative ratings for the global sample but also for women and men), might be a remarkable 
contribution to clinical researchers.  
Replication of main findings in Eerola & Vuoskoski (2011) 
Similar results to the original study by Eerola & Vuoskoski (2011) were overall 
found, among which stands out the strong correlation between anger and fear ratings, 
suggesting certain difficulties distinguishing between both negative emotions in the music 
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domain. This result has been previously reported (Eerola & Vuoskoski., 2011; Kallinen & 
Ravaja, 2006; Vieillard et al., 2008), unlike what happens with other basic emotions such as 
happiness or sadness, certainly easier to be perceived and distinguished from each other 
through musical excerpts (Laukka, Eerola, Thingujam, Yamasaki & Beller, 2013). In 
addition, it has also been suggested that the lack of capacity of music to convey and induce 
particular emotions such as fear might explain this difficulty to distinguish among specific 
emotions. To this extent, Vieillard et al (2008) stated that flight or fight overt responses that 
are necessarily present in fear might not be truly induced by musical stimulation. Conversely, 
fMRI studies suggest that fear music is able to activate the amygdala region (Gosselin, 
Peretz, Johnen & Adolphs, 2007), likewise other affective modalities (Aalto et al., 2002; 
Sander & Scheich, 200). In fact, previous works (Gosselin et al., 2005; Gosselin, Peretz, 
Johnsen & Adolphs, 2007) have demonstrated that the perception of fear through music can 
disappear after amygdala damage, suggesting the role of the limbic system in the perception 
of basic musical emotions.   
Regarding the positive pole, a strong relation between tenderness and happiness was 
found in the current study, in line with previous works reporting similar associations between 
positive emotions (Juslin, 2001). Interestingly, this result was found in Spanish but not in 
Finnish population (Eerola & Vuoskoski, 2011). In addition, it seems remarkable the 
relationship between the subjective ratings in valence, happiness and sadness. Thus, whereas 
happy music was evaluated as positive (or pleasant), according to previous results (Eerola & 
Vuoskoski, 2001), sad music was not experienced as negative or unpleasant music, unlike 
other basic emotions such as fear and anger, or unlike other sad real-life events (Vuoskoski et 
al., 2011). This result might be related to the “paradox of enjoying sad music” (Eerola, 
Vuoskoski, Peltola, Putkinen & Schäfer, 2018), which has been explored at different levels of 
analyses, such as neurochemical (Huron, 2011), brain imaging  (Mitterschiffthaler, Fu, 
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Dalton, Andrew & Williams, 2007; Trost, Ethofer, Zentner & Vuilleumier, 2008), 
psychosocial (Saarikallio & Erkkilä, 2007; Van Goethem & Sloboda, 2011) or cultural 
viewpoints (Mesquita & Walker, 2003), in order to give an explanation for the pleasure 
experienced when listening to of sad music. In sum, the literature review reveals the existence 
of crucial gaps in understanding the complexity of emotional responses to sad music (Eerola 
et al., 2018; Vuoskoski et al., 2011). besides the need of new experimental studies to 
complete the puzzle. In this vein, we would like to highlight the significance of 
reproducibility in scientific psychology, as well as the broader field of cognitive and affective 
neuroscience (Frieler, Müllensiefen, Fischinger, Schlemmer, Jakubowski & Lothwesen, 
2013). This requirement is even more important within the scope of empirical studies 
exploring emotion perception through music due to the relative novelty of this research area, 
in contrast to other well-tested paradigms such as the passive viewing of affective pictures, 
widely explored in the field of emotion induction and regulation. 
Categorical and Dimensional Models of Emotion in Music Perception 
Over the last two decades, both discrete and dimensional models have been used in 
the study of music and emotion (Song et al., 2016). According to the discrete (categorical) 
approach, all emotions can be derived from a limited number of basic universal and innate 
emotions, such as fear, happiness, anger, disgust and sadness (Ekman, 1992). The 
dimensional model, however, considers that all emotions can be understood as variants of 
hedonic valence and affective arousal (Lang & Bradley, 2010; Wundt, 1896). The latter 
perspective considers that all emotions arise from two independent neurophysiological 
systems: affective valence (positive/pleasant/appetitive vs. negative/unpleasant/aversive) and 
arousal (intensity of activation) (Bradley & Lang, 2007; Eerola & Vuoskoski, 2011).  
Our results showed that the discrete emotional model was a better predictor of the 
subjective ratings than the dimensional model, supporting previous literature which 
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demonstrated that affective dimensions could be less reliable particularly when listening to 
ambiguous examples (Eerola & Vuoskoski, 2011; Gomez & Danuser, 2004). These findings 
also go in line with a recent study focused on the neural substrates of emotional feelings 
while watching emotional videos (Horikawa, Cowen, Keltner & Kamitani, 2020). In 
particular, emotion categories were better predictors of cortical and subcortical activations 
than affective dimensions, indicating that emotion-related brain activity might imply specific 
clusters of areas that better align with specific emotional categories rather than broader 
dimensions, at least when using dynamic and complex stimuli to prompt emotions in 
laboratory contexts.  
In addittion, our results showed a strong correspondence between models, supporting 
the previously proposed notion that both theoretical approaches are complementary (Eerola & 
Vuoskoski, 2011; Gomez & Danuser, 2004). The combination of both models could allow 
distinguishing specific emotions that might be ignored when considering only the 
dimensional model, such as anger and fear (which are evaluated as equally unpleasant and 
arousing stimuli). This is also applicable for neutral stimuli (generally perceived as neutral in 
valence and low arousing), not fitting as real neutral stimuli from the categorical perspective. 
Instead, results showed that those stimuli convey sadness. Additionally, the combination of 
both emotion approaches could overcome the limitations that each model can have 
separately, like the difficulty of focusing on basic emotions in cross-cultural studies –due to 
linguistic features or peculiarities for understanding specific emotions in each culture based 
on their particular social rules–, as well as the difficulty in determining the exact number of 
dicrete categories. In this vein, a recent investigation on feeling experiences associated with 
music included the classical basic emotions (such as happiness, sadness, anger or fear) but 
also other broader categories such as “amusing”, “annoying”, “dreamy”, “eroticism”, among 
others (Cowen, Fang, Sauter & Keltner, 2020). Therefore, further studies using music as 
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emotional stimuli should consider integrating both theoretical approximations since it may 
become more appropriate to describe the richness of music-induced emotion (Song et al., 
2016). A better understanding of the complexity of emotional responses to music could be 
indeed useful for designing future studies that seek to understand the physiological and 
neurobiological representation of emotions (Cowen et al., 2020).  
In parallel, there is currently an open debate about the number of dimensions that 
need to be included. Different statistical and theoretical proposals have suggested the use of 
either one (Russell, 1980) or two –energy and tension– arousal dimensions (Schimmack & 
Grob, 2000; Schimmack & Reisenzein, 2002). Our findings showed a strong relationship 
between both arousal dimensions, suggesting that they could be collapsed into one unique 
dimension, as suggested by the two-dimensional model (Rusell, 1980) and previously 
reported by other researchers (Eerola & Vuoskoski, 2011). However, the question now is 
which arousal dimension should be considered in future research, or whether it is necessary 
to combine both in one single dimension. To this extent, both arousal dimensions are highly 
similar but their relationship with valence seems quite different. Whereas the bidimensional 
affective space with valence and energy arousal replicated the boomerang effect previously 
found with other type of stimulus (Carretié et al., 2019; Fernández-Abascal et al, 2008; Moltó 
et al., 1999, 2013; Redondo et al., 2007; Vila et al., 2001), the distribution with valence and 
tension arousal showed a negative, linear relationship. Together with the original study 
(Eerola & Vuoskoski, 2011), our data demonstrate that the dimension of energy arousal 
might be more similar to that explored in past studies (Imbir & Golab, 2017; Lepping et al., 
2016). This notwithstanding, it is an open question whether it could be better to combine both 
arousal dimensions or to simply use energy arousal, and this will need to be clarified in future 
studies.   
Cultural differences in Emotion Perception through Music 
19 
According to our hypothesis, Spanish and Finnish participants were quite similar in 
the evaluation of the music excerpts as reflected in the strong correlations between different 
affective dimensions and categories, possibly due to the cultural proximity between both 
populations sharing a similar Western European background (Argstatter, 2015). These results 
demonstrate the utility of this database to convey similar emotions in different countries, 
giving evidence for a pan-cultural emotional sentience in music, as well as the universal 
capacity to identify emotions through music, in a similar way to the recognition of emotional 
prosody (Argstatter, 2015; Fritz et al., 2009). 
Nevertheless, we appreciated some peculiarities among both populations. Findings 
showed that Finnish participants rated the excerpts as more energetic and tense, in 
comparison with Spanish, but these differences were nuanced when the categorical model 
was taken into account. Particularly, happy excerpts were evaluated as more energetic by 
Finnish population, but other excerpts that convey other emotions (such as sad) were rated as 
less energetic by Finnish in comparison with Spanish population. These results do not 
confirm data from previous studies with affective pictures or words, in which Spanish people 
rated the stimuli as more arousing compared to American population (Moltó et al., 1999, 
2013; Redondo et al., 2007; Vila et al., 2001). However, it is worth noting that differences 
between Spanish and Anglo-saxons have not been found using emotional sounds (Fernandez-
Abascal et al., 2008), suggesting that the sensory modality of the stimuli –or cultural 
conventions– could influence the emotional perception across cultures. In fact, it seems easier 
to evaluate the emotions induced by static stimuli (such as pictures or words) than those 
prompted by dynamic stimuli (such as sounds, movies, facial and vocal expressions, or 
music), possibly due to the complexity of the stimulus itself (Argstatter, 2015; Jack, Garrod 
& Schyns, 2014). Regarding the categorical model, however, Spanish population rated the 
excerpts as more emotional in all basic emotions. Thus, the categories of emotion used in this 
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experiment could have influenced the above results. While broad dimensions such as valence 
and arousal may be applicable across cultures, specific emotional categories may not be 
properly translated among cultures (Argstatter, 2015; Thompson & Balkwill, 2010). For 
instance, the word of anger could have different interpretations by members of different 
cultures or countries, depending on the specific norms for expressing and interpreting 
emotions.  
Limitations and future directions 
The current study is not exempt from methodological limitations that should be taken 
into account when interpreting our findings. Firstly, the number of male and female was 
unbalanced compared to prior studies investigating gender differences using stimuli from 
another sensory modalities (Fernández-Abascal et al., 2008; Moltó et al., 1999, 2013; 
Redondo et al., 2007). Secondly, we have not explored individual variables that could affect 
the evaluations, such as music preference or expertise (Bigand et al., 2005). The third 
limitation concerns the range scales used in the experiment, which were of 9-points and 
anchorages were represented to the participants based on adjectives likewise in the original 
study. The use of language in affective ratings might involve a problem because the language 
is not free of cultural differences (Moltó et al., 1999). In fact, some cultures have highly 
expressive terms for certain emotional concepts, meanwhile others have a lack of terms for 
expressing specific emotional concepts, which may affect emotion recognition across cultures 
(Thompson & Balkwill, 2010). Therefore, future studies should use other rating procedures 
free from effects of language such as the Self-Assessment Manikin (SAM; Lang, 1980), 
which would allow to compare directly with other affective stimuli (Fernández-Abascal et al., 
2008; Vila et al., 2001).  
Additional limitations due to certain features of this music database should be 
considered. On the one hand, this database contains fewer stimuli compared with other 
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emotional datasets (such as IAPS, IADS or EmoMadrid), which could complicate the 
selection of certain exemplars for future studies according to specific criteria of each 
experimental design. Furthermore, music excerpts included in this database vary in duration, 
which could clearly influence the results in psychophysiological experiments where this 
feature might be a relevant methodological factor to take into consideration. Consequently, 
future studies might validate this database using the same duration for all the clips, adding 
also further musical excerpts following the same procedure reported in Eerola & Vuoskoski 
(2011) and accurately replicated here.  
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FOOTNOTES 
1. The adjectives used in the instructions were the same of Eerola & Vuoskoski (2011) study. 
A back translation was conducted where two bilingual experienced researchers translated 
from English to Spanish all adjectives. Then, a third researcher reviewed the convergence 
between both translations, and the most accurate version was chosen when a discrepancy was 
found. Finally, another different bilingual researcher translated the adjectives from English to 
Spanish with the aim to determine whether the output coincided with the original. The 
following adjectives (“felicidad”, “tristeza”, “ternura”, “ira”, “miedo”) were used in the 
categorical model to describe discrete emotions. Regarding valence, the adjectives were 
“desagradable-agradable”, “malo-bueno”, “negativo-positivo”. For energy arousal the 
adjectives were “adormilado-despierto”, “somnoliento-alerta”, “cansado-desvelado”. Finally, 
the adjectives used for tension arousal were “relajado-excitado”, “calmado-en tensión”, 
“tranquilo-nervioso”. For the English version of adjectives, see Eerola & Vuoskoski (2011).  
2. Additional pairwise correlation and regression analyses were conducted to explore the 
effect of preference and familiarity on the discrete emotions and affective dimensions. 
Results showed positive associations between preference and happiness, tenderness, fear, 
anger, valence, energy and tension arousal, explaining more than the 40% of the variance in 
almost all of variables. Regarding familiarity, a positive correlation with happiness, 
tenderness and valence was found, besides a negative relationship with sadness, fear and 
anger. Familiarity, in turn, predicted a lower percentage of variance in these variables (see 
Table 4, appendix). 
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FIGURE CAPTION 
Figure 1. Mean ratings of affective dimensions and discrete emotions for all excerpts (N = 
102) for Spanish and Finnish population. The marker types represent the target emotion 
categories. 
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Table 1. Mean (M) and Standard Deviation (SD) for each scale in the overall Finnish sample, as well as set 1 and set 2, separately (these data correspond to 
the study by Eerola & Vuoskoski (2011). 
 GLOBAL  SET 1  SET 2 
 M SD  M SD  M SD 
Categorical Model         
Anger 1.99 1.52  1.98 1.46  2.00 1.60 
Fear 2.78 1.89  2.85 1.96  2.70 1.83 
Happiness 2.58 1.89  2.66 1.92  2.49 1.89 
Tenderness 2.63 1.58  2.65 1.59  2.60 1.58 
Sadness 2.98 1.64  2.88 1.66  3.08 1.63 
         
Dimensional Model         
Valence 5.28 1.73  5.23 1.77  5.33 1.71 
Energy 5.47 1.81  5.57 1.93  5.37 1.71 
Tension 5.45 1.98  5.49 2.04  5.41 1.94 
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Table 2. Descriptive statistics (M, SD, confidence interval; CI) for affective ratings of 102 musical excerpts for men and women separately, besides t test 
between both sex and effect size (d). 
 
  
 Men  Women   
  95% CI   95% CI   
 M (SD) Lower Upper  M (SD) Lower Upper t d 
Categorical Model          
Happiness 3.63 (1.95) 3.25 4.02  3.51 (2.13) 3.09 3.93 t(101) = 2.11, p = .019 .06 
Anger 2.79 (1.83) 2.43 3.15  2.91 (2.01) 2.52 3.31 t(101) = 2.50, p = .007 .06 
Fear 3.37 (1.97) 2.98 3.75  3.53 (2.27) 3.09 3.98 t(101) = 3.34, p = .001 .08 
Tenderness 3.84 (2.02) 3.45 4.24  3.49 (2.00) 3.09 3.88 t(101) = 7.11, p < .001 .17 
Sadness 3.93 (1.54) 3.62 4.23  3.83 (1.72) 3.49 4.16 t(101) = 1.67, p = .049 .06 
          
Dimensional Model          
Valence 5.51 (1.40) 5.24 5.79  5.30 (1.65) 4.98 5.62 t(101) = 4.47, p < .001 .14 
Energy Arousal 5.09 (1.59) 4.78 5.41  5.30 (1.75) 4.95 5.64 t(101) = 4.62, p < .001 .13 
Tension 4.90 (1.79) 4.55 5.25  5.04 (1.87) 4.67 5.50 t(101) = 2.80, p = .003 .08 
2 
 
 
Table 3. Pairwise correlations between emotion concepts. 
 
 
 
 
 
 
 
 
Note: ***p < 0.001; **p < 0.01; *p < 0.05 
  
 Happiness Sadness Tenderness Fear Anger Valence Energy Arousal 
Sadness -.45***       
Tenderness   .57***   .34***      
Fear -.80*** -.11 -.83***     
Anger -.68*** -.23* -.83***   .86***    
Valence   .87*** -.06   .81*** -.95*** -.82***   
Energy Arousal   .06 -.80*** -.70***   .42***   .61*** -.31**  
Tension Arousal -.36*** -.58*** -.90***   .76***   .84*** -.68***   .89*** 
3 
Table 4. Partial correlations between affective ratings of basic emotions. 
 
 
 
 
 
Note: ***p < 0.001; **p < 0.01; *p < 0.05 
  
 Happiness Sadness Tender Fear 
Sadness -.91***    
Tenderness .21*** .35***   
Fear -.73***   .57**  -.18***  
Anger -.42***  -.43* -.18*** .05 
4 
Table 5. Summary of fit (R2) from regression analysis for Spanish normative ratings. 
 Spanish data 
Dimensions as predictors (valence, energy, tension)  
Happiness .89 (V 0.83, E 1.17, T -0.89) 
Sadness .73 (V -0.50, E -0.65, T -0.27) 
Tenderness .88 (V 0.41, E 0.07, T -0.80) 
Fear .92 (V -0.74, E -0.62, T 0.99) 
Anger .82 (V -0.47, E -0.17, T 0.77) 
Mean R2 .85 
Discrete emotions as predictors (happiness, sadness, tenderness, fear, anger)  
Valence .94 (H 0.28, S -0.01, T 0.15, F -0.38, A 0.04) 
Energy .92 (H 0.61, S -0.13, T -0.49, F -0.001, A 0.53) 
Tension .94 (H 0.28, S -0.17, T -0.47, F 0.17, A 0.39) 
Mean R2 .93 
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Table 6. Descriptive statistics (Mean, Standard deviation, CI) of affective ratings of 102 musical excerpts, separately for Spanish and Finnish population, 
besides t test between both groups and effect size (d). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Spanish  Finnish   
  95% CI   95% CI   
 M (SD) Lower Upper  M (SD) Lower Upper t d 
Categorical Model          
Happiness 3.54 (2.06) 3.14 3.95  2.58 (1.90) 2.21 2.95 t(101) = 14.32, p < .0001 .48 
Anger 2.88 (1.95) 2.49 3.26  1.99 (1.52) 1.69 2.29 t(101) = 12.23, p < .0001 .51 
Fear 3.48 (2.18) 3.06 3.91  2.78 (1.89) 2.41 3.15 t(101) = 10.97,  p < .0001 .34 
Tenderness 3.58 (2.00) 3.19 3.98  2.63 (1.58) 2.32 2.94 t(101) = 12.15,  p < .0001 .53 
Sadness 3.85 (1.65) 3.53 4.18  2.98 (1.64) 2.66 3.30 t(101) = 12.91,  p < .0001 .53 
          
Dimensional Model          
Valence 5.36 (1.57) 5.05 5.67  5.28 (1.73) 4.94 5.62 t(101) = 1.55,  p = .062 .05 
Energy 5.24 (1.70) 4.90 5.57  5.47 (1.81) 5.11 5.83 t(101) = 3.71,  p = .0002 .13 
Tension 5.00 (1.83) 4.64 5.36  5.45 (1.98) 5.06 5.84 t(101) = 6.39,  p < .0001 .24 
